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(57) Abstract 

Equijpement for non-contact measurement 
of the deflection of a road (2) comprises a self- 
propelled vehicle with a load (7) which influ- 
ences at least one wheel (4), the speed of which 
is measured in the direction of travel. The 
equipement further comprises a laser device (8) 
from which at least one electromagnetic beam 
(9) is directed towards the rod way in the vicin- 
ity of the vehicle, and the Doppler frequency 
change in the reflection (9) is detected- An 
electronic circuit (10) continuously registers the 
results of the measurements and herewith the 
deflection at normal travelling speed. 
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1 

METHOD AND APPARATUS FOR NON-CONTACT MEASURING OF THE 
DEFLECTION OF ROADS OR RAILS 

■ ■ 

Background of the Invention 

The invention relates to a method for non-contact measure- 
ment of the deflection of a road or a rail as disclosed in 
the preamble to claim 1, and equipment for the execution of 
this measurement as disclosed in the preamble to claim 6 . 

j ' ■ 

The — measuring of the movement of "train rails and roads 

under load is of particular interest, in that it is hereby 

possible to be able to evaluate their carrying capacity, 

condition, durability and, in certain cases, also direct 

faults in the surface of the underlying structure, so that 

repair work can be initiated in the most expedient places. 

i 

» 

It is known to measure the deflection of a road, e.g. mak- 
ing use of a so-called Benkelmann 1 s beam which is position- 
ed on the road, after which a vehicle or the like with a 
heavy load, e.g. 5-15 tons, is driven closely past the 
measuring beam and the deflection is measured. This is a 
relatively precise but very slow method for the measurement 
of the deflection of roads. Vehicles are constructed with 
such a measuring beam which can intermittently measure the 
section of a road by movement of the measuring beam, though 
only at a maximum of 5-10 km/h. When such measurements are 
to be carried out, it is thus necessary to give serious 
consideration to the question of security, in that such a 
slow-moving vehicle is of great danger for the traffic, 
which means that the measurements must often be shelved for 
implementation during periods of light traffic, and also 
while making, use of at least one accompanying vehicle with 
warning signs etc. which, of course, considerably increases 
the costs of the measurements. 
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Furthermore, various methods have been developed whereby 
the road surface is influenced by a falling weight: or -the 
like , ahd deflection-like measurements can be made . These 
methods are also very slow and provide measuring results 
5 only at intervals, i.e. they do not provide continuous 

measurements of the road surface. 

r ■ 

From the Swedish publication no. 457.807 there is known a 
vehicle with a load, e.g. of 5-15 tons, and on which at 

10 least two range finders are mounted which measure the 
distance to the road surface, e.g. laser-beam measuring 
devices, one of which measures the distance to the unloaded 
road surface (reference), while the other measures as 
closely as possible to the point at which the road surface 

15 is influenced by the loaded wheel. If the equipment is 
suitably adjusted, such a vehicle is able to be driven 
forwards at a reasonable speed. The difference between the 
two distance measurements, corrected for angular errors 
etc., is subtracted, and the difference constitutes the 

20 deflection, i.e. the depression due to the load. Since the 
deflection during normal loading on a vehicle wheel, i.e. 
of 5-15 tons, is in the order of 1-4 mm, it will be obvious 
to those familiar with the art that such difference 
measurements will be encumbered with even much greater 

25 errors, in that the depression which is to be measured is 
in the same order as the irregularities which are normally 
to be found in the road surface. Consequently, this method 

i 

has not been found to be successful for road measurements. 
On the other hand, it could possibly be used for the 
30 measurement of the deflection of a railroad track. 

Advantages of the Invention 

By proceeding as disclosed and characterized in claim 1, 
3 5 e.g. while using equipment as disclosed and characterized 
in claim 7, the possibility is provided of carrying out 
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usable measurements at normal driving speed, e.g. at: a 
speed of 70 km/h or faster. With the present invention, it 
is not distances which are measured, but continuous 
measurements are made of the speed with which the surface 

5 of the road or the rail moves downwards during the passing 

of the measuring vehicle, and moreover it is possible to 
carry out continuous measurements of the vertical speed of 
the road surface or the rail after the passing of the 
vehicle, i.e. during its resilient movement back to the 

10 unloaded state. 

When this equipment is mounted on a heavy, self-propelled 
vehicle, it is possible at suitably high speeds to generate 
data for the registration and analysis of the carrying 

15 capacity and of the condition of the underlying structure. 

This data is collected electronically by using one or more 
sensors which measure the speed of the deflection. The 
sensors are based on laser technique, radar technique or 
other speed -measuring equipment, and they function by 

20 measuring the Dpppler frequency change between the radi- 
ation emitted and the reflection. At the same time here- 
with, there is carried out a measurement and registration 
of the speed of the vehicle in the direction of travel. 

25 By measuring at normal driving speed, the risk of disturb- 
ing the traffic is avoided and the risk of accident due to 
the presence of the measuring vehicle is eliminated. 

By proceeding as disclosed and characterized in claim 2, 
30 e.g. while using one of the devices as disclosed and char- 
acterized in claim 8, the possibility is provided with a 
suitable number of sensors of measuring the whole of the 
deflection basin which appears around the wheels, and to 
continuously map this as a basis for carrying out a con- 
35 tinuous calculation, e.g. of the rigidity of a road. 
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t 

Since all of "the measurements are carried out continuously 
and electronically, extensive data material is obtained 
which must naturally be processed in a suitable manner 
before it provides any usable results. It is possible here- 
by to build up a data bank covering known roads or track 
sections, and to use these stored results in the construc- 
tion of new roads or railway tracks. * 

In the processing of such large amounts of data, it will be 
directly possible to read-out various information concern- 
ing the maintenance standard of^the relevant section. For - 
example, discontinuations in the data measured will indi- 
cate changes in the underlying structure, which e.g. on a 
concrete road can be due to a seesawing slab of concrete. 

By proceeding as disclosed and r characterized in claim 3 , 
e.g. while using one of the devices as disclosed and char- 
acterized in claim 9, corrections can be made for possible 
measurement errors from emission which is not directed 
completely at right-angles towards, for example, a road 
surface. These angle measurements, e.g. in the form of 
inertia references, can be continuously measured and stored 
together with the measurements of the Doppler frequency 
change signals, and can moreover be used for the servo- 
control of the equipment, e.g. the laser devices, which 
emit the radiations for the measurement of the deflection. 

It is also possible to proceed as disclosed and character- 
ized in claim 4, e.g. while using a device as disclosed and 
characterized in claim 10, so that the angle measurements 
are carried out in relation to the curvature of the road or 
track along which the measuring vehicle is moving, in that 
regard is hereby also paid to possible gradients or de- 
clines and other deviations in the plane of the roadway or 
5 rail "element during the course of the measurement. 
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By proceeding as disclosed and characterized in claim 5, 
e.g while using a device as disclosed and characterized in 
ciaim 11, a continuous location measurement is carried out 

* 

and, e.g. fc>y. means of an odometer or a GPS measuring de- 
5 vice, it is possible to continuously store information con- 

cerning the actual measurement positions together with the 
measurement data, and later always be able to determine 
where the individual measurements have been carried out. 

10 By proceeding as disclosed and characterized in claim 6, 

e.g. while Using a device as disclosed and"~characterized "in 

claim 12, a complete system is obtained for the measurement 
and registration of deflection which can form the basis for 
. the operational maintenance of the measured section. The 
15 data can also be transferred in a commonly-known manner to 
a databank for the surveillance and maintenance of road 

- t 

sections and railway lines. / 



20 



The drawing 

The invention will now be described in more detail with 
reference to the drawing, in that 

fig. 1A shows in principle the measurement of deflec- 
25 tion according to the invention on a section of 



fig. IB shows in principle the measurement of deflec- 
tion according to the invention on a train 
30 rail, 

fig. 2 shows a block diagram of the measuring equip- 
ment according to the invention, 

35 fig. 3A shows schematically the deflection at a point 

on a road section when passed by a loaded 
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vehicle wheel, 



fig. 3B 



shows the measurement: of deflection 
responding "to fig. 3A, 



cor- 



fig. 4 



shows an example seen from the side of the 
mounting of a number of laser sensors on a com- 
mon, fixed measuring beam, 



10 



fig. 5 



shows a second example, also seen from the 

sen- 



side, of the mounting of a number of " 
sors on a common but displaceable measuring 
beam, and 



15 



20 



fig. 6 shows a third example, seen from above, of a 

measurement setup where the common, fixed 
measuring beam in fig. 4 is arranged trans- 
versely to the direction of travel for the 
measurement of the deflection arising from all 
of the drive-wheels . 



Detailed description of the embodiments shown 



25 



30 



In fig. 1A is seen a road section 2, the deflection of 
which is measured with a self-propelled vehicle 1 according 
to the invention comprising at least one drive-wheel 4 on 
an axle 6 which is loaded with a possibly displaceable or 
in another way adjustable load 7 of a suitable number of 
tons, e.g. 5 tons of sand. On the vehicle there is mounted 
equipment 10 comprising an electronic measuring and regis- 
tration system which is discussed later in connection with 
fig. 2 of the drawing. 



35 



On the vehicle 1 there is also mounted at least one laser 
device 8 or similar radiation-emitting device from which an 
electromagnetic beam is directed towards the roadway 2. -In 
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i 

\ 

I 

■ 

-the example shown a laser 8 is used, the laser beam 9 of 
which is directed vertically towards the roadway 2, and at 
the point where the beam hits the the roadway, a reflection 
point 11 arises from which the beam is reflected to all 

5 sides, also including reflection to the device 8, which 

also comprises a sensor for the measurement of the fre- 
quency of the reflected light and herewith measurement of a 
possible Doppler frequency change. There is hereby obtained 
an expression for the speed of the instantaneous deflection 

10 when the vehicle is driven at a suitable speed. 



With a method and equipment according to the invention, it 
is anticipated to be able to measure the deflection at run- 
ning speeds up to 150 km/h. However, the maximum speed for 
15 transport vehicles on highways in most countries is 70 
km/h, so the maximum speed at which highways can be measur- 
ed is thus limited to this speed. 

In fig. IB is seen a corresponding measurement on a train 
20 rail 3 which is loaded by the loaded carriage wheel 5, and 
where the deflection of the rail is measured, which also 
includes possible ballast underlayer, sleepers etc., by 
measuring the speed of the deflection at the foot of the 
rail in a manner corresponding to that described above. It 
25 will also be possible to measure the deflection of the 
sleepers, possibly at the same time as the measuring of the 
deflection of the rail, so that comparisons are possible 
whereby possible faults or deficiencies can/ be determined 
in the anchoring of the rail on the sleepers. 

30 

Figs. 1A and IB are principle methods of measurement which 
show how the deflection can be measured according to the 
invention by measuring the deflection speed. 

35 In fig. 3A is seen an example. of a deflection measured at a 
point on a roadway, e.g. as shown in fig. 1A. The deflec- 
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tion shown by -the curve 13 starts at: 0 and increases "to 
maximum value when -the wheel passes the point, and decreas- 
es gtgain to 0 when the wheel has run past. Depending on the 
roadway and the characteristics of the underlying struc- 
ture, different waveforms will be obtained for the curve 
13, and therefore also different degrees of maximum deflec- 
tion will be obtained. 

In fig. 3B is seen the speed measurements corresponding to 
fig. 3A from the same measuring point, but measured in ac- 
cordahce witbT^the method according to the — present invent 
tion. The speed starts at 0 and increases to a maximum 
speed and hereafter decreases again to 0 where the deflec- 
tion is at a maximum (in fig. 3A), in that here the deflec- 
tion speed is 0. Hereafter, the deflection speed increases 
again but in the opposite direction, as shown with opposite 
polarity of the curve, to a maximum (the minimum point of. 
the curve 14 ) and decreases again towards 0 . 

The measurement shown in fig. 3A is that which is attempted 
to be made with the known apparatus, whereby the curve 13 
is recorded, while with the method and equipment according 
to the invention it is desired to measure the deflection 
speed 14 shown in fig. 3B, and at the same time that this 
is carried out continuously, i.e. points are obtained at 
relatively short distances, a measurement corresponding to 
the curve 14 is undertaken at each point along the section. 

Fig. 4 shows an example of how a number of lasers 20, each 
with a laser beam 21 and reflection from the roadway, can 
be mounted on a common, fixed bar 19 and can continuously 
measure the deflection speed of the roadway when the loaded 
wheel 18 is driven in the direction of the arrow, hereby 
also carrying the bar 19 in the same direction, in that 
this is mounted on the vehicle. It will be seen that the 
outermost lasers are positioned substantially outside the 
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deflection area, so that they can function as measurement 
references. The length of the bar 19 is. in the order of 1-2 
m. With this measuring equipment in connection with the 
electronic system, which is explained later in connection 
with fig. 2, continuous measurements of the deflection of 
the roadway 17 can be carried out. When the vehicle is 
standing still , there is a static deflection which can 
possibly be used for control of the measuring equipment, in 
that the deflection speed at all lasers will be 0. 

9 

Fig^ 5 "shows another emodiment of - the construction shown in 

fig. 4. In this case the bar 23 is suspended in a displace- 
able manner on a support beam 24, so that the bar and all 
of the lasers 20 can be moved forwards , possibly backwards, 
15 in the direction of travel to a position in which substan- 
-tially all laser devices 20 measure on that part of the 
roadway 17 which has no deflection. The lasers 20 can here- 
by be calibrated against one another. 

20 In fig. 6 is seen an axle 26 in a vehicle on which twin 
wheels 18 are mounted at each side, all seen vertically 
from above. The vehicle is provided with a bar 19 in the 
same direction as the axle 26, i.e. transversely to the 
direction of travel. The bar 19 is preferably placed in 

25 front of the axle 26, and at such a distance that measure- 
ments are made at the point at which maximum deflection 
speed is expected. It is hereby possible to measure the 
whole of the deflection basin 25 around the wheels 18 by 
means of a number, e.g. seven, of laser devices 20, which 

30 as discussed above measure the speed of the deflection by 
means of the measured Doppler frequency change. The deflec- 
tion basin 25, which spreads forwards in the direction of 
travel, is three-dimensional, and with the achieved measur- 
ing results distributed over a portion of the road 1 s 

35 breadth, measurement data can be obtained with which an 
analysis can be made of the condition of the road. 
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In fig. 2 is shown a block diagram which shows the rela- 
tionship between . the different parts of the electronic 
system. 

5 

The whole system is mounted on a self-propelled vehicle, 
e.g. a heavily- loaded vehicle with an . axle load of approx. 
10 tons. It is possible for the axle load to be changed by 
making the load on the vehicle displaceable. 

10 

The equipment continuously r eg istefs~"the~~exact — loca t ioir 
coordinate by means of the circuit 33, and from this and at 
the same time the speed of the vehicle is measured at the 
moment of measurement. The equipment 33 can comprise an 
15 odometer or a commonly- known GPS position measuring appar- 
atus. 

» 

The road curvature measurement block 34 (Trajectory) con- 
tinuously measures the movement of the laser sensors during 

20 the measurement by means of an INS ( Initial-Navigation- 
System), e.g. consisting of a fibre-optic gyroscope (FOG), 
accelerometer and computers with suitable software, e.g. 
from the LITEF company. The system measures all movements 
in three directions. Consequently, it is possible to con- 

25 tinuously calculate the exact position of the laser sensors 
and the curvature of the road during the measurement. Such 
measuring systems are commonly known . 

The circuit 36, is used for continuous measurement of the 
30 laser angle and the axle load. The laser sensors measure 
the speed at right-angles to the direction in which the 
laser beam spreads. If the underlayer which is measured 
moves in more than one direction, it is important that the 
laser beams are held as closely as possible at right -angles 
35 to the direction it is desired to measure. Otherwise the 
movement of the surface in other directions contributes 
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-towards the meaisurement, which will hereby make "the 
measurement inaccurate* In practice it is unavoidable that 
movements in other directions contribute to the measure- 
ment. There are two usable methods for making corrections 

5 for the inaccurate measurements which can arise if the 

laser or lasers are not at right-angles to that surface 
from which the deflections are to be measured. It is poss- 
ible either to measure the angular deviation and let the 
computer correct the measuring results on the basis of the 

10 knowledge of how the angular deviations will influence the 
results of the measurement, or to use measurements of the 
angular deviations to control a servo-system which ensures 
that the angular deviation is minimal or zero. In practice 
it is also possible to use both correction methods simulta- 

15 neously, and hereby gain the advantages of both methods- If 
the conditions of measurement are optimised, it is possible 
to separate the contributions to the measurements which 
arise from the speed of travel, and presumably also other 
undesired measurement contributions. On the basis of the 

20 measuring results, a servo-control system 35 can ensure 
that the laser stands as vertically as possible to the road 
or the surface of the rail. The system consists of a 
measuring unit which continuously monitors the laser's 
angle to the vertical, and on the basis of the measurements 

25 controls the servo-system to ensure that the sensors are 
constantly held in the vertical position. This measuring 
unit is suitably mounted on the chassis oif the vehicle at 
the front and rear axle, and measures the distance to the 
road or the rail element as well as the distance to each 

30 its wheel axle. This makes it possible to carry out a 
simultaneous calculation of the actual axle load. 

Centrally in the unit there is provided a coordinating com- 
puter 31 which, in response to commands from an operating 
35 panel 32,. controls the whole course of the measurement. 
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If the equipment is based on laser technique, use can be 
made, for example, of a number of laser sensors 20 of the 
type Dantec 55X Laser Doppler Vibrometre, or improved ver- 
sions hereof. This measuring instrument measures the speed 
at which the rail or the roadway moves downwards * It will 
be possible to measure both the speed of the downward de- 
flection and the speed at which the rail or the roadway 
straightens out. The measurements thus provide information 
concerning both the elasticity and the plasticity. More- 
10 ' over, it is anticipated that the fixture of the rails on 
the sleepers will give rise tor^periodic— variations— in—the 
measuring results, and these variation? can be compensated 
for by suitable data processing. 

15 The output signals from the laser sensors are processed in 
a signal processing circuit 30 which, for example, is a 
57N10 Burst Spectrum Analyzer from the Dantec company. The 
result of this processinjg is sent further to the coordinat- 
ing computer, which at the same time receives signals from 

20 the trajectory measuring unit 34 and the position measuring 
unit 33 . The computer thus compiles data concerning the 
speed of the surface at the place at which the measurement 
is taken, and the position of the laser sensors. The data 
can be continuously stored in a memory 37 for later proces- 

25 sing and interpretation in additional circuits 38. 
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CLAIMS 

1. Method for non-contact measurement: of the deflection of 
a road or rail while loaded by a travelling vehicle with 
weight-loaded drive-wheels, the speed of which in the di- 
rection of travel is measured, characterized 
in that the speed of the deflection is measured continuous- 
ly while the vehicle is travelling by the measurement of 
the vertical speed of the road or rail using sensors which 
detect the Doppler frequency change in the reflections from 
"at "1 east one unknown wave, preferably an el ec t r omagne t i c 
beam directed towards the roadway or the train rail, e.g. 
while using a laser technique, radar technique, ultrasonic 
technique or other contact- free speed measuring equipment, 
after which the deflection can be calculated. 

2. Method according to claim 1, characterized 

«. 

in that at the same time there are carried out speed 

\_ 

measurements in the vertical direction at a number of posi- 

« . 

tions at or around the loaded wheel or wheels* 

3- Method according to claim 1 or 2, character- 
ized in that the angle of the electromagnetic beam in 
relation to a chosen, fixed direction, e.g. vertical, is 
also continuously determined. 

4. Method according to claim 1 or 2, character- 
ized in that the angle of the electromagnetic beam ,in 
relation to the trajectory of the road for the section 
being covered is also continuously determined. 

5. Method according to claim 1 or 2, character- 
ized in that the position of the loaded wheel is also 
continuously measured. 

6. Method according to any of the claims 1-5, c h a r a c - 
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t e r i z e d in that all measurement: results are fed to a 
data processing unit with storage facilities, either for 
the continuous calculation arid registration of the deflec- 
tion or data which represents the characteristics of the 
under layer, e.g. the uriderlayer f s rigidity, or for storage 
with a view to data processing later. 

7. Equipment for non-contact measurement of the deflection 
of a road (2) or train rail (3) while using a vehicle (1) 
10 with a load (7) which influences at least one wheel (4, 5), 
the speed of which is measuredTin the direction of - travel", 
characterized in that it further comprises 

/ 

a) at least one device (8) for the transmission of a 
15 wave, preferably electromagnetic radiation (9) down 

towards the roadway, the rail or the rail's uhder- 
layer, 

i 

b ) at least one sensor ( 8 ) arranged to detect the 
20 Doppler frequency change in the reflections ( 9 ) of 

the emitted radiation, 

c) and an electronic circuit (10) for the continuous 
registration of the detected Doppler frequency 

25 changes for the calculation of the speed of the 

deflection, and where the radiation is laser radi- 
ation, radar waves, ultrasonic signals or other radi- 
ation which gives rise to a Doppler frequency change 
at a relative movement between the device ( 8 ) and the 

30 reflection point ( 11 ) . 

8. Equipment according to claim 7 , character- 
ized in that it comprises a number of 

devices /sensors (8) mounted on a common bar or beam (23). 

35 * 

9. Equipment according to claim 7 or 8, character- 
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i z e d in that it further comprises means (36) for 
measuring the angle of the electromagnetic radiation in 
relation to a chosen, fixed direction, e.g. vertical . 

■ V 

■ » 

t 

5 10. Equipment according to claim 7 or 8, charac- 

terized in that it further comprises means (36) for 
measuring the angle of the electromagnetic radiation in 
relation to the trajectory of the section of the road being 
measured. 

10 

— -i ttr" Equipment~~according to - claim 7~ c~~ h~a'"~r~~a~'c"t^~e ~±r~= 

i z e d in that it further comprises means (33) for the- 
continuous measurement of the position of the loaded wheel, 

15 12. Equipment according to any of the claims 7-11, 
characterized in that it comprises a data pro- 
cessing unit (30, 31) with storage facilities (37), either 
for the continuous calculation and registration of the 
measured deflection, or data which represents the charac- 

20 teristics of the roadway or the train rail, e.g. its rigid- ' 
ity, or for storage with a view to data processing later. 
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